A method of calculating a possible stability loss by a rotating circular annular disc of variable thickness is suggested within the theory of perfect plasticity with the help of small parameter method. A characteristic equation for a critical radius of a plastic zone is obtained as a first approximation. The formula for the critical angular velocity, determining the stability loss of the disc according to the self-balanced form, is derived. The method using which we can take into account the disc's geometry and loading parameters is also specified. The efficiency of the proposed method is shown in Section 5 while considering an illustrative example. The values of critical angular velocity of rotating are found numerically for different parameters of the disc.
Introduction
The analytical methods of studying the stability loss [1] [2] [3] [4] [5] [6] at radial tension are known to be applied to plane discs (with constant thickness) in elastoplastic state. In [7] a method of calculation of possible stability loss was proposed for the case of the simplest non-planar rotating circular disc, namely, the stepped disc, loaded by radial stress on the boundary. This method underlies the present approach to approximate calculation of critical radius of the plastic zone and critical angular velocity of the rotating annular disc of variable thickness. Besides, the real profile is roughly replaced by a step-like one, so that the disc is considered to be composed of partial annular discs of constant thickness. The applicability of the algorithm to the analysis of the small perturbations dynamics in case of the discs with arbitrary profiles is discussed.
Problem Statement
Consider a stability loss of the rotating annular disc with an arbitrary smooth profile   y r (Figure 1 ) as a result of its attaining an equilibrium form, different from a circular one, in the plane of rotation. We will assume the disc to be almost circular, and present the equation of where b is the external radius of the unperturbed disc (the radius of circumference profile), = r b  is the non-dimensional current radius,  is a small parameter, , n    is a polar angle. Let a be the internal radius of the disc, s  be the yield strength of the material, be the modulus of elasticity, E  be the density, v be Poisson's coefficient,  be the angular velocity of rotation and 0 be the current radius of the plastic zone for the unperturbed disc. r Let's assume that the maximal thickness of the disc is small as compared to its other dimensions. Based on this assumption, the stresses located on the internal and external boundaries of the disc will be considered as resulted from certain efforts 0 i and [7, 8] , acting on the disc in its middle plane.
For the boundary form, described by (1), we need to obtain (as a first approximation) the characteristic equation for the critical radius of the plastic zone 0 and to find the corresponding critical angular rotation velocity r    .
The Unperturbed Elastoplastic State of the Rotating Disc
Consider the equation of quasi-static equilibrium [9] 
Taking into account the condition on the external boundary 
Principal Result
Along with relations (3), (5), (6), consider an approximated stress state, obtained at dividing the given disc of an arbitrary profile into partial discs of constant thickness 1 0 (Figure 2) . In [7] it has been shown that the dependences corresponding to (3), (5), (6) for the stepped annular disc are
, 
where 1 1 3 1  24δ  3 1  =  ,  3 3 3 = n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n 
is the determinant of the matrix The number of sections 0 n of the stepped profile, which approximately substitutes a real one, still remains unknown, and constant half-thicknesses of partial annular discs can be introduced by the average theorem:
where (10) where 
where the functions  (3 nd (7)- (9) 
In the elastic region the stress components of the unperturbed annular disc with a hyperbolic profile can be sought as [9]     
The condition on the external boundary leads to the relations 
Concluding Remarks
The proposed scheme allows determining the critical  = 0 . 
